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FOREWORD

The vast majority of sea ice data in the world today is stored in the form of
ice charts prepared by the various ice services of different countries. It has long
been recognized that data 1in this form have limited use for statistical and
climatological summaries. Efforts are now being made by several countries to
construct digital representations of these charts.

The United States Navy/National Oceanic and Atmospheric Administration <(NOAA)
Joint Ice Center {JIC) initiated a Sea Ice Digitization Program funded by the United
States Navy in 198]. This Atlas and its Arctic East and Antarctic counterparts are a
result of that inf' ‘ative. Having ice data in digital format allows the construction
of composite analy..s that previously would have been impractical to produce.
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INTRODUCTION

Through 1965, reliable sea ice information in the Arctic regions was based on
limited aerial reconnaissance data augmented by sparse shore station and ship
reports. These data were further restrinted to relatively small areas observed
primarily during the summer season. From 1966 to 1972, the addition of visible and
infrared satellite imagery expanded analysis capabilities, but considerable
limitations were still imposed by clouds and seasonal darkness. Since the further
addition in 1973 of all weather/season passive microwave satellite imagery, it has
been possible to routinely map the extent of Arctic sea 1ice on a global scale.
Arctic sea ice analyses have been operationally produced on a weekly basis since
January 1973. This atlas contains sea ice summaries derived from 574 weekly JIC sea
ice analyses produced from 1972 through 1982.




OVERVIEW
|. DATA SOURCES

The weekly analyses (Figure 1) produced at the JIC result from the synthesis of
four general groups of data. These data sources are: 1) shore station reports,
2) ship reports, 3) aerial reconnaissance, and 4) satellite imagery and data.
Satellite imagery and data, however, comprises over 90 percent of the data utilized
in the Arctic sea ice analyses.

The satellite data utilized fall into three categories: 1) visible imagery,
2) thermal infrared imagery, and 3) passive microwave imagery and data. Visible and
infrared imagerv have been utilized from a series of NOAA Polar Orbiting Satellites
and Defense Meteorological Satellite Program (DMSP) satellites. Passive microwave
imagery have been utilized from the NIMBUS-5 Electrically Scanning Microwave
Radiometer (ESMR) and the NIMBUS-7 Scanning Multichannel Microwave Radiometer (SMMR).
A near continuous source of passive microwave imagery and data has been available
since January 1973. Table 1 identifies satellite sensors utilized from 1979 through
1982. Accurate records of satellite data used at the JIC prior to 1979 ares not
available. Estimates have been made concerning the percent of utilization of each of
the satellite sources. During the summer, visible and infrared imagery provides
about 652 of the data and passive microwave 35X. During the winter, the figures are
approximately 352 and 652 respectively.

Il. DIGITIZATION

Each weekly sea ice analysis chart has been digitized at the NCDC. This process
converts the analog data to digital values at predetermined grid points. The digital
data are stored in a standardized format called SIGRID (Sea Ice GRID) which is under
study for adoption by the World Meteorological Organization. The grid points are
identified by earth coordinates and have a resolution of 15 nautical miles or better.

I11. COMPOSITING TECHNIQUE

The SIGRID format is easily expanded to provide ice data at each grid point over
the Polar region. One can think of each grid point as being a cell in a two
dimensional matrix. In a composite analysis, each cell becomes a storage location
for accumulating some derived quantity of interest. For example, if we are given a
ten-chart period of record, we could count the number of times that ice was observed
in the grid cell located at say: 7SN, 179W. If the composite count were eight (8)
we could then say that there was an 80 percent probability of occurrence of 1ice at
75N, 179W for that period of record. In a similar fashion, other quantities such as
gsea ice concentration may be accumulated in a gridded array and subsequently used in
a composite analysis.

IV. CALCULATIONS

This atlas contains groups of charts composited over a semi-monthly period
centered on the first (1st) and the fifteenth (15th) of each month. The composite
classifications are as follows:

1) Maximum, Mean and Minimum Ice Edges

2) Probability of Occurrence of Any Ice

3) Mean Ice Concentration

4) Mean Ice Concentration When Ice is Present

5) Maximum. Mean and Minimum Extent of 5/10ths or More of Ice

Each composite classification contains three or more boundary categories. The
isopleth that defines each boundary is determined by the existence of a particular
composite grid cell value. The grid cells that meet the specified boundary criterion

are identified and re-labeled with a single digit. Thus, for example, all of the
el L sdan  aba b darv  critari  pdge would be
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MAXIMUM, MEAN AND MINIMUM ICE EDGE

Composite values, V, within a given grid cell are defined as:

Z is a binary value defined as:
0 - non-occurrence of ice
g 1 - occurrence of ice
Ve a1y
N is the number of charts used in the

compositing period.
The three ice edges are defined as:
Maximum Ice Edge -~

v
Mean Ice Edge - Vv
Minimum Tce Edge - V

5N

1 viv
L A

PROBABILITY OF OCCURRENCE OF ANY {CE

Z is a binary value defined as:

0 - non-occurrence of ice
g 1 - occurrence of ice
Ve Yy

N is the number of charts

The five isopleths are defined as:

~

Greater than 0Z Probability
20% Probability
402 Probability
602 Probability
80% Probability

+2N

+6N
-8N

caeaga<
{viviviviv
.
-3
-

MEAN ICE CONCENTRATION

C is the ice concentration in percent

N is the number of charts

The four isopleths are defined as:

Greater than 0XZ Concentration V > 0
20% Concentration V > 20
50% Concentration V 2 50
80% Concentration V 2 80

MEAN ICE CONCENTRATION WHEN ICE IS PRESENT

The definition is identical to Mean Ice Concentration except that N represents
the number of charts having an ice concentration greater than zero in the selected
grid cell. This prevents the mean ice concentration from being diluted by periods of
no ice.

e MAXIMUM, MEAN AND MINIMUM EXTENT
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b <1173 genera! groups of data. These data sources are: 1) shore station reports,

2) ship reports, 3) aerial reconnaissance, and 4) satellite imagery and data.
Satellite imagery and data, however, comprises over 90 percent of the data utilized
in the Arctic sea ice analyses.

The satellite data utilized fall into three categories: 1) visible imagery,
2) thermal infrared imagery, and 3) passive microwave imagery and data. Visible and
infrared imagery have been utilized from a series of NOAA Polar Orbiting Satellites
and Defense Meteorological Satellite Program (DMSP) satellites. Passive microwave
imagery have been utilized from the NIMBUS-5 Electrically Scanning Microwave
Radiometer (ESMR) and the NIMBUS~7 Scanning Multichannel Microwave Radiometer (SMMR).
A near continuous source of passive microwave imagery and data has been avallable
since January 1973. Table 1 identifies satellite sensors utilized from 1979 cthrough
1982. Accurate records of satellite data used at the JIC prior to 1979 are not
available., Estimates have been made concerning the percent of utilization of each of
the satellite sources. During the summer, visible and infrared imagery provides
about 65X of the data and passive microwave 352. During the winter, the figures are
approximately 352 and 652 respectively.

. DIGITIZATION

Each weekly sea ice analysis chart has been digitized at the NCDC. This process
converts the analog data to digital values at predetermined grid points. The digital
data are stored in a standardized format called SIGRID (Sea Ice GRID) which is under
study for adoption by the World Meteorological Organization. The grid points are
identified by earth coordinates and have a resolution of 15 nautical milec or better.

Il. COMPOSITING TECHNIQUE

The S: RID format is easily expanded to provide ice data at each grid point over
the Polar region. One can think of each grid point as being a cell in a two
dimensional matrix. In a composite analysis, each cell becomes a storage location
for accumulating some derived quantity of interest. For example, if we are given a
ten-chart period of record, we could count the number of times that ice was observed
in the grid cell located at say: 75N, 179W. If the composite count were eight (8)
we could then say that there was an 80 percent probability of occurrence of 1ice at
75N, 179W for that period of record. In a similar fashion, other quantities such as
sea ice concentration may be accumulated in a gridded array and subsequently used in
a composite analysis.

IV. CALCULATIONS

This atlas contains groups of charts composited over a semi-monthly period
centered on the first (1lst) and the fifteenth (15th) of each month. The composite
classifications are as follows:

1) Maximum, Mean and Minimum Ice Edges

2) Probability of Occurrence of Any lce

3) Mean Ice Concentration

4) Mean Ice Concentration When Ice is Present

S) Maximum, Mean and Minimum Extent of 5/10ths or More of Ice

Each composite classification contains three or more boundary categories. The
isopleth that defines each boundary is determined by the existence of a particular
composite grid cell value. The grid cells that meet the specified boundary criteriom
are identified and re-labeled with a single digit. Thus, for example, all of the
grid cells meeting e boundary criterion for wminimum sea ice edge would be
identified with a code digit '3°'. In general, there are hundreds, sometimes
thousands, of adjacent grid cells sharing the same identification code digit. To
find the peripheral boundary of this example region one can eliminate, in a graphical
sense, all of the false partitions that exist between cells containing the same
identification code. What is left is the boundary separating grid cells meeting one
criterion from grid cells meeting different criteria. Clearly, one could envision
certain situations where this method of boundary analysis would yield rather chaotic
results. However, thanks to the inherent continuity of persistence of sea ice
features this method works quite well. The boundary criteria utilized in the various
ice climatology classifications are as follows.
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‘., The three ice edges are defined as:
d
?s Maximum Ice Edge - Vv > 1
se Mean Ice Edge - V> .5N
‘e Minimunm Ice Edge - V = N
).
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f PROBABILITY OF OCCURRENCE OF ANY ICE
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e
2 is a binary value defined as:
0 - non-occurrence of ice
g 1 - occurrence of ice
Vel

N is the number of charts

The five isopleths are defined as:

S
! Greater than 0% Probability V > 1
r 20% Probability V > .2N
e 40% Probability V > .4N
N 60Z Probability V> 6N
80% Probability V2 .8N
MEAN ICE CONCENTRATION
r
[o]
n
: N C is the ice concentration in percent
£ C
) i=1 i N is the number of charts
t V= N
8
n
The four isopleths are defined as:
Greater than 02 Concentration V > 0
20% Concentration V > 20
50% Concentration V > 50
80% Concentration V > 80
i
M MEAN ICE CONCENTRATION WHEN ICE IS PRESENT
The definition is identical to Mean Ice Concentration except that N represents
the the number of charts having an ice concentration greater than zero in the selected
gri: grid cell. This prevents the mean ice concentration from being diluted by periods of
1o ; no ice.
1
: MAXIMUM, MEAN AND MINIMUM EXTENT
> OF 5/10ths OR MORE OF ICE
1
; The definition is the same as for Maximum, Mean and Minimum Ice Edge with the
excel exception of the definition of Z which is now:
c
2 Z is a binary value defined as:
8 0 - non-occurrence of 5/10ths or more of ice

1 - occurrence of 5/10ths or more of ice.
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Table 1. Type of Satellite Imagery./Dota Utilized From 1979 10 1982

Time Period Satellite Remote Sensing
Sensor Sensor Spectral Resolution Coverage
From To Platform Type Region
1-79] 1-79 NOAA-5 VHRR
VIS 0.6-0.7 pm lkm Regional
IR 10.5-12.5 pn lkm
2-79(11-80 TIROS~N AVHRR
HRPT/LAC
Vis 0.,55-0.90 um lkm Regional
NIR 0.725-1.10pn lkm
IR 10.5-11,.5pm lkm
GAC
Vis 0.55-0.90pm 4km Global
IR 10.5-11.5pm 4km
1-79; 8-80 DMSP HR 0.4-1.1lpn 3.7km Global
M1 8.0-13.0um 4.4km
1-80j12-82 NOAA-6 AVHRR
HRPT/LAC|0.58-0.68um
VIS 0.55-0.68um lkm Regional
NIR 0.73-1,10pm lkm
IR 10.5-11.5um lkm
2-80|12-82 GAC
VIS 0.55-0.68 4km Global
IR 10.5-11.5 4km
7-81|12-82 NOAA-7 AVHRR
HRPT/LAC
VIS 0.58-0.68um lkm Regional
NIR 0.73-1,10pm
IR 10.3-11.3
GAC
VIS 0.58-0.68unm 4km Global
IR 10.3-11.3pm 4km
1-73}11-82 NIMBUS-5| ESMR 1.55¢cm 25km Global
4-80(12-82 NIMBUS-7| SMMR 0.8lcm 50km Global
l.66cnm
Abbreviations and Acronyms
AVHRR - Advanced Very High Resolution Radiometer LAC - Local Area Coverage
cm - Centimeter NIR - Near Infrared
ESMR - Electrically Scanning Microwave Radiometer SMMR - Scanning Multichannel
GAC -~ Global Area Coverage Microwave Radiometer
HRPT - High Resolution Picture Transmission VHRR - Very High Resolution
IR - Infrared Radiometer
km - Kilometer VIS - Visible
un - Micrometer

pus
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V. INTERPRETATION

Interpretation of the charts in this Atlas should be straightforward. A
possible conflict may arise if one tries to reconcile the terminology “ice edge"” with
the depiction of the shaded area. The shaded presentation was chosen in 1lieu of
simpler isopleth display to minimize the chance for false interpretation of the data.
This is because a label on an isopleth does not explicitly define the conditions on
either side of the line. The slope of the gradient is not so clearly obvious as it
is on a topographic map of the Barth's surface. This is compounded by the fact that
the presence of sea ice is discontinuous in nature and whereby regions of 80X mean
ice concentrations may be bordering regions of 202 1ice concentrations with no
intermediate region of S0X ice concentration. Shading provides and unequivocal sense
of direction to the slope of the gradient which is8 quite necessary for correct
interpretation, especially during the spring and summer seasons.

An alternate way of thinking about the meaning of a particular shaded area is to
refer directly to the definitions given above. Using these, one can interpret the
shaded areas for Minimum Ice Edge as being an aggregation of grid cells which always
contained ice over the composite period. The shaded area that falls between the Mean
Ice Edge and the Minimum Ice Edge are all those cells that contained ice at least
half of the composite period. Likewise, the shaded area between the Mean Ice Edge
and the Maximum Ice Edge represents all those cells that contained ice at least once
in the composite period but not more than half of the composite period.
Interpretations of the other shading classifications can be made in a similar manner.

Experience has shown that when sea ice occurs in a particular area it almost
always occurs in high concentrations. For this reason the Mean Ice Concentration
When Ice is Present summary was developed. Because the Mean Ice Concentration
summary treats instances of no ice occurrence as zero ice concentration the summary
may present misleadingly low concentration values as compared with the ice
concentrations actually encountered. Figures 2, 3 and 4 illustrate a case in point.
A vessel planning on penetrating the ice pack to the Antarctic continent along the
route indicated would expect to encounter ice of 0 tenths to 2 tenths concentration
based on the Mean 1Ice Concentration, PFigure 2. Examining the Probability of
Dccurrence of Any Ice, Figure 3, and the Mean Ice Concentration When Ice Is Present,
Figure 4, it 18 apparent that there is a 0% to 20X probability of encountering ice
but that 1f encountered, it will be 2 tenths to 6 tenths concentration. For ships
that are not icebreakers but are merely ice reinforced or not reinforced at all the
difference in expected ice concentration may make a significant difference in the
planning and the eventual outcome of the voyage.
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V. INTERPRETATION

Interpretation of the charts 1in this Atlas should be straightforward. A
possible conflict may arise if one tries to reconcile the terminology “"ice edge” with
the depiction of the shaded area. The shaded presentation was chosen in lieu of
simpler isopleth display to minimize the chance for false interpretation of the data.
This is because a label on an isopleth does not explicitly define the conditions on
either side of the line. The slope of the gradient is not so clearly obvious as it
is on a topographic map of the Earth's surface. This is compounded by the fact that
the presence of sea ice is discontinuous in nature and whereby regions of 802 mean
ice concentrations may be bordering regions of 20X ice concentrations with no
intermediate region of 50X ice concentration. Shading provides and unequivocal sense
of direction to the slope of the gradient which 18 quite necessary for correct
interpretation, especially during the spring and summer sezssons.

An alternate way of thinking about the meaning of a particular shaded area is to
refer directly to the definitions given above. Using these, one can interpret the
shaded areas for Minimum Ice Edge as being an aggregation of grid cells which always
contained ice over the composite period. The shaded area that falls between the Mean
Ice Edge and the Minimum Ice Edge are all those cells that contained ice at least
half of the composite period. Likewise, the shaded area between the Mean Ilce Edge
and the Maximum Ice Edge represents all those cells that contained ice at least once
in the composite period but not more than half of the composite period.
Interpretations of the other shading classifications can be made in a similar manner.

Experience has shown that when sea ice occurs in a particular area 1t almost
always occurs in high concentrations. For this reason the Mean Ice Concentration
When Ice is Present summary was developed. Because the Mean Ice Concentration
summary treats instances of no ice occurrence as zero ice concentration the summary
may present misleadingly low concentration values as compared with the 1ce
concentrations actually encountered. Figures 2, 3 and 4 1llustrate a case in point.
A vessel planning on penetrating the ice pack to the Antarctic continent along the
route indicated would expect to encounter ice of 0 tenths to 2 tenths concentration
based on the Mean Ice Conceniration, Figure 2. Examining the Probability of
Occurrence of Any Ice, Figure 3, and the Mean Ice Concentration When Ice Is Present,
Figure 4, it is apparent that there 18 a 0% to 2{% probability of encountering ice
but that if encountered, it will bhe 2 tenths toc 6 tenths concentration. For ships
that are not icebreakers but are merely ice reinforced or not reinforced at all the
difference in expected ice concentration may make a significant difference in the
planning and the eventual outcome of the voyage.
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no ice.
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